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Introduction 
Formic acid and methanol have attracted many attentions as the promising organic molecules in 
fuel cells because of their high conversion efficiency, low levels of pollution and high power 
density. Despite platinum is served as an effective catalyst for electro-oxidation of formic acid and 
methanol, there are many serious limitations that prevent it from commercial applications, such as 
high cost and vulnerability to poisoning species like carbon monoxide. Recently, many researches 
are focused on the construction of Pt-based alloy nanoparticles with control of size, shape, 
composition, and structure. Moreover, core-shell nanoparticles have been widely studied because 
of their many unique advantages relative to their single-component counterparts, such as reducing 
the amount of the precious metal and improving the catalytic activity and durability. On the other 
hand, phosphorus is an inexpensive metalloid element with abundant valence electrons, and it is 
known that electronic properties of metals are influenced by making alloy particles with 
phosphorus. 
 
 
(1) Core-shell Pd-P@Pt nanoparticles as efficient catalysts for electrooxidation of formic 
acid1 
In this research work, core-shell Pd-P@Pt nanoparticles were fabricated by using a 
seed-mediated growth method. The core-shell structure was confirmed by TEM and STEM 
observations. The as-synthesized core-shell NPs were utilized as an anode electrocatalyst in the 
electrooxidation of formic acid, and the current density of the direct pathway (peak 1) was 3.5 
times and 11.4 times higher than those of the Pt/C and Pt black commercial reference catalysts, 
respectively. These results indicate that the Pd-P core exhibits a positive synergistic effect with 
the Pt shell. The durability of the electrocatalysts was evaluated by increasing cycle numbers, and 
only small ECSA loss was observed with the Pd-P@Pt nanoparticles. The chronoamperometry 
measurements also demonstrate that the stability of Pt can be enhanced by incorporation of a Pd-P 
composite core. Therefore, the enhanced catalytic activity, durability, and low material costs make 
Pd-P@Pt nanoparticles an effective electrocatalyst for use in formic acid oxidation. 
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Fig. 1 Summary of (a) the electrocatalytic activity and (b) the ECSA loss for different nanomaterials. 
 
 
(2) Core-shell Pd-P@Pt-Ni nanoparticles with enhanced activity and durability as anode 
electrocatalyst for methanol oxidation reaction2 
Previously, our group has reported Pd-Ni-P NPs as efficient amorphous electrocatalysts for 
methanol oxidation reaction.3 In this research work, core-shell Pd-P@Ni NPs were obtained after 
deeply investigating the mechanism in the fabrication procedure of Pd-Ni-P NPs. Then, we have 
utilized Pd-P@Ni NPs as the seeds to design and synthesize Pd-P@Pt-Ni core-shell NPs through a 
seed-mediated growth method as the electrocatalysts in methanol oxidation reaction. The 
core-shell structure of as-synthesized NPs can be confirmed by TEM, elemental mappings and 
EDS line scan analysis. In the electrochemical measurements, the current density of Pd-P@Pt-Ni 
core-shell NPs is much higher than those of commercial Pt/C and the as-prepared Pt/C. In addition, 
the larger I f /I b  ratio reveals the stronger tolerance of the catalyst to carbonaceous species 
accumulation. Considering the durability of electrocatalyst, the less ECSA loss and the lower 
decay of current density in chronoamperometry compared to the reference catalysts demonstrate 
that Pd-P@Pt-Ni core-shell NPs are highly stable and tolerant. The enhanced electrocatalytic 
properties can be attributed to the synergistic effects from core parts and nickel species, such as 
bi-functional mechanism and electronic effect. The results suggest that Pd-P@Pt-Ni core-shell 
NPs are the promising candidate for the electro-oxidation of methanol. 
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Fig. 2 Summary of (a) the electrocatalytic activity and (b) the ECSA loss for different nanomaterials. 
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論文審査の結果の要旨 
 
本博士論文は、白金系コアシェル型微粒子の開発と燃料電池用触媒としての応用を目的と
したものである。ギ酸やメタノールを燃料とする燃料電池は、その変換効率の高さや低い公
害性、エネルギー密度の高さや取扱いの容易さから現在盛んに研究が進められている。白金
はこれら燃料の電極酸化用触媒として用いられてきているが、高価であることや系内で発生
する一酸化炭素による被毒作用による活性低下などが問題となる。そこで白金使用量の低減
化や被毒作用の抑制を目的として、そのサイズや形、組成や構造の制御による改良が研究さ
れている。中でも白金系コアシェル型微粒子は、触媒反応が起こるシェル部位のみを白金系
材料としたものであり、白金使用量の低減化を図ることができるため開発研究が進められて
いる。本論文では安価なリン元素に注目し、白金系コアシェル型微粒子への活用を検討した。 
第ニ章では、Pd-P@Pt 微粒子触媒の開発に成功した。コアシェル構造は TEM や STEM 観察に
より明らかにした。本材料をギ酸の電極酸化触媒として利用したところ、市販の Pt/C や白金
ブラックと比較してギ酸の直接酸化に起因する電流密度の向上が見られた。本結果は、コア
部位の Pd-P から白金シェルへの相乗効果が影響しているものと考えられる。また、サイクリ
ックボルタンメトリやクロノアンペロメトリーを用いた安定性に関する測定においても、市
販材料と比べて Pd-P@Pt 微粒子の安定性の高さが示された。 
第三章では、Pd-P@Pt-Ni 微粒子触媒の開発に成功した。コアシェル構造は TEM や EDS ライ
ン分析により確認した。本材料をメタノールの電極酸化触媒として利用したところ、市販の
Pt/C と比べて高い電流密度と高い I f /I b 比が観測された。また、サイクリックボルタンメト
リやクロノアンペロメトリー測定を行い、その安定性の高さを確認した。優れた触媒特性は
コア部位の Pd-P からシェル部位への相乗効果と Ni による被毒抑制機構などによると考えら
れる。 
本博士論文の結果は、自立して研究活動を行うに必要な高度の研究能力と学識を有するこ
とを示している。従って、Xu Jing の提出の博士論文は、博士（理学）の学位論文として合格
と認める。 
 
